The study of magnetic multilayers has attracted growing interest, because their properties may differ significantly from the bulk ones. In this article we consider ferromagnetic multilayers, consisting of two alternating ferromagnets. Our theory can be also applied to alternating ferromagnetic and nonferromagnetic materials. The composite ferromagnetic multilayer material is described by the local magnetization M (x) and the Ginzburg-Landau (GL) free energy functional F [MI and similiarily for the other GL. coefficients. Here a, denote the bulk values while modifications of the GL. parameters at the interface are incorporated into the last term in equation (2) . At the interface strong anisotropic behaviour may appear, which reduces the local symmetry of the system even for isotropic bulk materials. This may also be accounted for in our theory by adding an additional term to the free energy (1). It should be mentioned that in the case of ferromagnetic multilayers, being coupled antiferromagnetically across the interfaces, one can generalize the expression
(1) by considering the magnetization density Ma (x) in each layer separately and by decomposing the total free energy into a sum of individual independent layer terms F : (M,) and interface terms Ff (M,) of the appropriate form [2].
As usual the temperature dependence is attributed to a, (T) only, namely a, (T) = cub, (T -T,) , where TI and T2 are the bulk Curie temperatures of the two materials. In the following we consider T2 > Ti.
To obtain the gross featurs of our system we limit ourselves to the mean field approximation. The magnetization profile Mo ( x ) can be found by minimizing the free energy (1). The transition temperature T, of the system is evaluated from local stability analysis [I] , which shows that Tc lies in the interval1 for positive valus of a. (<2 (0) = \I a2 (T " = 0) isthe correlation length of material "2" at zero tempera ture).
Of special interest is the mean magnetization A?l per volume of the high temperature ferromagnet, This mean magnetization was measured recently in Fe-Pd multilayers [3] and shows a strong dependence on the multilayer thicknesses. In figure 1 we show this mean mametization as calculated from our the--ory. The solid line represents the mean magnetization evaluated by using bulk GL. parameters of Fe [4] and Pd [5] . As one sees, it lies for all thicknesses far away from the experimental data. This discrepancy can be understood as follows: because of the itinerant nature of magnetism in Fe and the expected charge transfer between Fe and Pd, in the case of the thin layers these bulk values are apparently not reliable enough as input parameters in our theory and should be modified. It is also well known that a small change of the Pd lattice constant (which certainly occurs near to the interface) leads to a drastic change in its susceptibility Inverse F e -Thickness (kl) The spin wave spectrum calculated using equation (3) shows the usual mini-gap structure which is well known for other multilayer systems. In the low energy region, the dipolar interaction dominates and one recovers the well known Damon Eshbach modes. These modes have a singular directional dependence and their spectrum can be measured in Brillouin scattering experiments. For higher energy, where the exchange interaction prevails and dipolar forces can be neglected, one finds that the mini-gaps in the spectrum vanish for certain values of the wave vector. This "gap-vanishing" effect is not known for other systems. One can show that it follows from the symmetry of the exchange interaction and the structure of the dynamical equations (3). These equations can be reduced to a Schrodinger-like equation for the circular component of the magnetization where the component of the wave vector parallel to the interfaces plays the role of a parameter. Varying this paxameter one obtains the vanishing of the gaps and, in this sense, this effect is similar to term crossing in diatomic molecules.
From an experimental point of view the inelastic neutron scattering cross section of multilayers is of interest. From equation (3) the dynamical response function and therefrom the inelastic neutron scattering cross section can be calculated. The "gap-vanishing" effect leads to peaks in the intensity of scattered neutrons at special values of k and w . One of these peaks is indicated by an arrow (point A) in figure 2.
To conclude, using the GL. functional with space dependent coefficients we calculate the static and dynamic properties of ferromagnetic muItilayers. Our theory describes the dependence of the mean magnetization on the layer thicknesses. The 'lgap-vanishing" effect, which our theory predicts, can be verified by neutron scattering experiments. 
